The City of Rome is trying to come into line, culturally and strategically, with European standards of environmental health and energy savings. This study is designed as a roadmap for the retrofit of existing building stock, through the analysis of case studies of major significance in terms of building characteristics and period of construction. The recognition of the consistency of the existing school building stock and the subsequent selection of the buildings that are representative of general conditions allowed us to compare results and draw from them intervention guidelines that are applicable to almost all of the school building stock. The guidelines developed by the authors take into account the optimisation of the building envelope and plant system, as well as the pay-back period of each case. The interventions, with their low investment costs, have significant benefits in terms of energy efficiency, with a subsequent reduction in greenhouse gas emissions, and in terms of indoor and outdoor environmental quality, and propose a systemic approach to the retrofit of Mediterranean cities, which often have ancient and monumental historic centres that need to be protected and enhanced, as well as in the established suburbs, defined as those that appeared up to the 1970s-1980s. For these buildings, characterised by great potential for transformation and often with poor architectural and technological quality, the energy retrofit is also an opportunity to redesign and redefine the levels-objectives of indoor comfort. The reduction of energy consumption in school buildings, estimated at about 40% for the envelope and 20% for the plant, other than the evident environmental benefits to the territory, also has a significant impact on the education of the individual awareness of the users. Widespread retrofit of public structures at the disposal of young students, other than having a powerful impact in the reduction of greenhouse gases, constitutes a The Sustainable City VII, Vol. 1 417 fundamental element in education on environmental issues and quality of the built, creating an unquantifiable extra value for sustainable development in the City of Rome and for the construction of more liveable and civilised cities.
Introduction
According to the World Energy Outlook 2011 [1] , despite the unfavourable economic situation, the demand for energy globally from 2011 to 2035 is forecast to increase by about one-third and necessitates a radical change of direction in the energy management of the existing building stock towards sustainable energy strategies in management and retrofitting [2] . This study puts itself forward as a methodological approach to the widespread problems of saving energy, in which the construction sector is a fundamental element.
The school building stock in particular is suffering from serious structural problems, complicated by the lack of an integrated policy for the management and maintenance of buildings and plant; the educational building stock of the City of Rome in terms of its quantity and quality, in its variety of case studies and types, is fertile ground for research into the development of an interventional model that would be valid at a national level.
The example of schools can be a very important tool for the spread of certain procedures for construction and upgrading, both for the capillary distribution throughout the territory of school buildings of all types and levels, as well as for the enhancement of the centrality of the wellbeing of the end users, for the diffusion of eco-friendly materials and, above all, for the ensuring the establishment culturally of a new attitude towards energy consumption and the widespread and indispensable use of renewable energy.
In the territory of Rome there are 1,394 buildings destined for school use, and of these 1,296 are municipal property, while 104 belong to the Province of Rome.
Rome is currently in 26 th place in the ranking of Italian cities involved in upgrading and making schools safe; 52.82% of the schools were built prior to 1974 and in 2009 only 58.64% of them have a certificate of fitness for use [3] .
Of school buildings owned by the City, the last reference for the evaluation of their numbers and articulation is an inventory of municipal assets as of June 30, 2000; according to that, the buildings recorded as being actually used for the sole purpose of education are 1,296, of which 158 are nurseries. This data allows an assessment of the numbers and effective use of buildings.
These brief guidelines on the size of the municipal educational building stock also allow us to make preliminary assessments about the quality of the construction of the buildings and their energy performance [4] .
The buildings constructed between the 1950s and 1980s, from the studies and surveys conducted, present with performance characteristics in terms of thermal and acoustic isolation that are absolutely not in line with the current requirements of environmental comfort and energy management; in very many cases, they are in a state of profound degradation, mainly concentrated in the system of vertical closures (outside walls and windows and doors) and of coverings.
This family of buildings represents the largest percentage of buildings currently in use, since the '80s represented the peak historical period for building (600,000 m³/year in 1981, 400,000 m³/year in 1983-1984); the buildings from this period were built immediately after the publication of the provisions of the Ministerial Decree of 18 December 1975 [5] , which has been the standard normative reference for the construction of new schools from the 70s up to today. This homogeneity of the sample is useful in identifying the distributive, constructive, dimensional and planimetric analogies of a very substantial set of buildings.
Pre-World War II buildings, present in the historic town centre and longestablished city, are often characterised by their large cubature and very large service and connective areas, which, like their surfaces, require a lot more energy to be kept at required levels. In some cases, insertion into the fabric of the Historic Centre also involves a large consumption of resources to ensure the adequate lighting of interior spaces. Despite these shortcomings, the overall integrity of these buildings and the good state of maintenance of their closure systems, built with massive pre-modern technologies, in addition to better thermal performance in the outer opaque walls, lessens the problem of their energy management and their eventual redevelopment [6, 7] .
From the point of view of "reconverting" and enhancing this large building stock in energy terms, also in the light of the avowed centrality and urgency of the issue of modernisation and rationalisation of the stock of school buildings nationwide, it is opportune to undertake effective strategies and follow guidelines for intervention that are useful in optimising the available economic resources and maximising the achievable results [8 10 ].
Method

Choice of the pilot projects
The City of Rome is divided into 19 municipalities, each with its own administration and management. The Historic Centre, I, and Municipalities V and VIII are those with the highest concentration of volume and energy consumption. They were chosen therefore, in order to conduct an analysis of substantial statistical significance of the samples, for their representative dimensional cubature, for their constructive characteristics and for the chronological distribution of their construction. An operation carried out on building complexes with similar characteristics allows us to direct a large part of the interventions on the entire stock, focusing immediately on the causes of the problems of degradation and inefficiency and the most effective lines of action to take. Geographical distribution of school building stock.
The first two projects -the "Regina Margherita" Nursery and Primary School and the "Elsa Morante" Comprehensive Institute Nursery, Primary and Grade 1 Secondary School in the Historic Centre, are valid for their characteristics in terms of dimensions, technology and architectural value which are shared by about 68% of the school buildings of the I Municipality and Historic Centre; similarly, the projects in the suburbs -the Comprehensive Institute of Nursery, Primary and Grade 1 Secondary School in Via dell'Archeologia and the "Angelica Balabanoff " Middle School -were chosen because they were built in the '80s, belonging therefore to the sample from the historic peak of the construction of school buildings in the metropolitan area, which, in terms of number of buildings, constitute about 60% of the city's school building stock.
The phases of the study
The strategic study is divided into 4 phases: 1. Preliminary phase of surveying initial data, identification of sites for pilot projects. 2. Phase of analysis of the current state of affairs, definition of pilot projects. 3. Phase of selection and analysis of integrated redevelopment interventions. 4. Phase of synthesis and delineation of guidelines.
The study
The investigation led to the identification of the dimensional characteristics of the buildings, information on electrical and heat consumption over the previous three years, inspections for the examination and direct verification of data, as well as the preparation of a detailed survey and thermographic and thermophysical surveys useful for the characterisation of the building envelope in terms of thermal performance. Thermal analysis on external wall.
The definition of intervention
On the basis of the above-described analytical framework, interventions were hypothesised on the building-plant system in relation to its receptivity to the transformation of the same and to energy and economic opportunities. The interventions on the envelope regard vertical opaque structures, external window and door frames and shielding and shading systems, roof and floor systems, provided that these components bound the heated volume to the outside and to unheated spaces.
Interventions on the plant, instead, evaluated individually and in relation to those on the envelope, essentially concern: the replacement of the equipment for the production and control of heat with the introduction of condensing boilers of suitable dimensions according to the peak power required for the containment of costs and the improvement of production efficiency; optimisation of the heating of spaces through the widespread use of thermal valves, in particular in environments that have very irregular cycles of use (valves and thermostatic probes, assisted management of ventilation and replacement air) to improve the conditions of indoor comfort as well; a feasibility study on the use of solar thermal systems and the adoption of innovative technological or management systems (solar and photovoltaic panels) [11, 12] .
Discussion on results and guidelines
The organisation of the investigations carried out and the results obtained allow the direction of subsequent interventions aimed at improvement, on the basis of an overview, which is relevant with regard to a precise and decontextualised approach to energy issues in the building-plant system; this systematic approach optimised on the specificity of school buildings and their functional and management characteristics, through the definition of guidelines, output and final performance objectives to be achieved, allows the definition of a new operative standard for planning and preliminary evaluation of building renovation projects associated with energy retrofit, codifying the parameters to evaluate projects in development and already underway. 
Guidelines for buildings in the Historic Centre
From the table we can see how in Case Study 1, the current EPCI is calculated at approximately 14.6 kWh/m³ per year, on which are recorded the impact of vertical outside walls equal to 42.3%, that of exterior doors and windows equal to 37.5%, and of covers equal to 13.6% (buildings with S/V aspect ratio are more advantaged). In addition, the oversizing of the plant recorded, equal to 385.4%, is considerable.
Following the works proposed, an EPCI value equivalent to 5.6 kWh/m³ was obtained, a percentage variation to the current state of affairs of 68.49% with a saving of 28.6337 kWh, equal to 24.62 TEP, as well as a reduction of greenhouse gas emissions of 74.58 tCO 2 /year.
Rescaling and making plant more efficient leads to a percentage variation to the current state of affairs of 30.1%, while the optimisation of the envelope leads to a percentage variation to the current state of affairs of 40%.
The envelope of the historic buildings turns out to have better performance levels than constructions from the '70-'80s, in terms of transmittance, but above all of thermal inertia. To take proper courses of action, in historic buildings it is necessary to know the thermo-physical properties of the materials through thermofluximetric measurements and thermographic surveys. Once an envelope's receptivity to transformation has been defined, it is generally possible to intervene on the envelope in the following ways: -Choice of internal thermal coating or solutions aimed at minimising the transformation of the outer envelope, often of great value or subject to particular planning restrictions; -Particular attention to the intervention on windows and doors, where most of the thermal bridges and major problems related to excessive solar gains are to be found -regarding both light and heat -and ventilation of rooms; -Combined intervention: new roof insulation -use of photovoltaic.
As regards plant, in the historic buildings analysed a significant oversizing of the heating system was found. Therefore, investigations will be carried out into the building's consumption (heat over the previous three years), the power of the generators and how they work, to then proceed to optimising the efficiency of production and regulation with condensing boilers and thermostatic valves. Also fundamental is evaluating the feasibility of retrofit measures for the installation of photovoltaic and solar thermal, in order to promote the use of renewable resources in the Historic Centre, in accordance with the planning restrictions imposed by the authorities.
Guidelines for buildings in the established suburbs
For relatively recent buildings (the '80s), the considerations are different. The whole system of closures is severely degraded, the level of maintenance is absolutely unsatisfactory; in particular, the system of door and window frames and shading is heading towards a state of serious degradation with significant loss for the whole performance system [13] . The intervention on the envelope is therefore more of a priority than on the plant, whose suitability can only be evaluated once the series of degradation problems that make the losses and consumption of the building unsustainable have been resolved. The starting EPCI values are, in fact, estimated at around 25 kWh/m³ year, with an incidence of 33% in the external window and door frames and 26.4% in the coverings. In these cases too plant being oversized by 150% to 250% is recorded.
The optimisation of the building plant system has led, in the case examined, to a post-intervention EPCI equivalent to 4.8 kWh/m³ per year with a percentage variation to the current state of affairs of 79.4% and a variation compared to the annual requirements of 483,522 kWh, equivalent to 41.58 TEP with a reduction in the emission of greenhouse gases of 120.88 tCO 2 /year.
It is absolutely advantageous, therefore, to intervene on this category of buildings, with percentage variations compared to current consumption with interventions on plant alone of up to 35% and rates up to 60% with the envelope being made efficient [14, 15] .
Having defined their receptivity to transformation, therefore, the solution for the perimeter walls will result in the choice of the thermal coating or similar solutions that lead, even with a radical transformation of the current situation, to optimising the outcome in terms of new energy efficiency with a renewal of the architectural quality of the envelope. In almost all cases, the complete replacement of windows and doors is required as well as of the renewal of the systems of screening and shading.
For the insulation of the roofs, which often consist of large flat surfaces, it will be opportune to opt for solutions with roof gardens or technological solutions which offer environmental benefits that are competitive with respect to costs, as in the case of solutions able to ensure an increased capacity to reflect solar irradiation, as in the case of cool roofs, that can deliver high solar reflectance (the ability to reflect the visible, infrared and ultraviolet wavelengths of the sun, reducing heat transfer to the building) and high thermal emittance (the ability to radiate absorbed or non-reflected solar energy). The benefits associated with cool roofs include reduced cooling energy load, reduced air pollution and greenhouse gas emission, and improved human health and comfort. Cool roofs may extend the roof service life and help in mitigating the urban heat island effect. Change with retrofit envelopes 40% 53% 60% 58%
The integrated evaluation of the choices of technological solutions for retrofitting to be employed can thus contribute to improving both the indoor microclimate of buildings as well as the outdoor, bringing a widespread benefit that can be shared with the urban context in which the intervention takes place.
Rendering the envelope efficient will allow the recalibration of the intervention on the plant, with significant savings on peak power and, consequently, a decrease of the power needed to meet primary energy needs and costs. The use of photovoltaic and solar thermal can justify other interventions and, by studying their integration, contribute to the overall quality of the redevelopment [16, 17] .
Finally, we can define the goal post-operam for the entire building stock, after the application of the guidelines.
For any school, historical or not, the goal is an energy requirement in the range of 3-6 kWh/m 3 year.
Conclusions
The work carried out is a comparative experimental study on several cases of intervention. The results obtained confirm the initial hypothesis, giving the samples used a certain statistical significance, in view of a global approach to the issues of renovating the existing public housing stock. The works proposed are shown to be suitable for a considerable number of buildings and, it follows, the guidelines above are easily applied.
The scientific validity of the results, furthermore, allows the identification of the ranges of costs and impact of any intervention on the initial energy consumption for a first rough guide aimed at speedily addressing the problems of buildings and their possibility of being resolved.
